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FOREWORD

The purpose of the two-day meeting held on August 27-28, 1968, at the
Federal Aviation Administration, Washington, D.C., was to discuss the
"Utilization of Time/Frequency Techniques in Collision Avoidance Systems,"
Participating organizations were Government agencies active in the field of
time/frequency application.

Presentations made at the meeting, complete or in summary, are
included in this publication,

The attendees suggested that a summary of past and present FAA projects
for Pilot Warning Instruments (PWI) and Collision Avoidance Systems (CAS)
be attached to the minutes for general information. Appendix I contains FAA
PWI-CAS projects, Appendix II contains ADSA Chronology, and Appendix III
contains the status of PWI projects.

As part of the initial correspondence to respective attendee organizations,
replies were solicited for a number of questions, Appendix IV contains the
August 1968 questionnaire and a matrix of replies received.

Appendix V contains a December 1968 questionnaire for your reply.
Answers to this questionnaire may provide guidance and direction to the FAA
as to logical development of the aviation ground facilities required to
disseminate '"time'' for airborne T/F CAS equipment.

Recipients of these minutes are encouraged to complete Appendix V,
clip out and return it in the self-addressed envelope enclosed within a few

days after receipt. Results will be tabulated and made available to recipients.
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Opening Remarks

The meeting was opened by Mr. Robert M. Buck, Federal Aviation
Administration, Systems Research and Development Service, Detection
Systems Branch, who welcomed the attendees and expressed his appreci-
ation for their participation. Mr. Buck introduced Mr. John A. Weber,
Director, Systems Research and Development Service.

Mr. Weber discussed the Federal Aviation Administration's role in
development of a Time/Frequency Collision Avoidance System (CAS). He
pointed out that the system utilizes precise time ordered techniques
requiring highly accurate time synchronization of ground and airborne
stations. He also pointed out that since the procurement, implementation,
and maintenance of the ground station network would be the responsibility
of FAA and since the agency had little past experience in precise time and
frequency techniques, the agency had invited Government experts in the
field to obtain their views.

Mr. Weber stated that the purpose of this meeting was to assist us in
determining the best method for establishing and maintaining precise
synchronous time, and to this end it was our desire to find out what work
had been done, is being done, and remains to be done to meet our responsi-

bilities. He pointed out that since we all work for the same Government
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and are subject to similar budget considerations, it behooved us to deter-
mine the resources that are available elsewhere to help us and, similarly,
how can our work help others. Mr. Weber concluded by expressing his
appreciation on behalf of the FAA for the interest and attendance.

At the conclusion of Mr. Weber's remarks, Mr. Buck introduced
Mr. John L. Brennan, FAA, Air Derived Separation Assurance (ADSA)
Subprogram Manager.

Mr. Brennan stressed the general purpose of the meeting. Specifi-
cally, he stated that we wish to determine how best to establish and
maintain synchronous time to the accuracies required for CAS (+ 0.5 ps,

3 sigma, as curren'ly described), and while our overall program would
be described briefly for background purposes, discussions should be
restricted to those aspects relating to time synchronization. Mr. Brennan
distributed the latest revision of the CAS technical description as
developed by the Air Transport Association. He explained that the
description is updated periodically as a result of meetings of the ATA's
CAS Technical Working Group (TWG) and that undoubtedly there would be
further revisions forthcoming. He stated that based on prior work done

in the area by FAA and others, the conclusion was reached that, under

the current state-of-the-art, the T/F technique offercd the greatest

potential for a CAS system.
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Mr. Brennan went on to say that the system described by the TWG
is a time ordered system utilizing three second epochs, each epoch
being divided into 2000 individual '"time slots'' of 1500 ps each. One, and
only one, aircraft transmits in a time slot, thus eliminating the mutual
interference problem. Three threat evaluators are used. They are
(1) Tau (7 which is defined as range divided by range rate (a tau alarm
condition ex.sting when it decreases below a certain value); (2) an altitude
sort; and (3) a minimum range alarm.

Range is measured by computing one-way propagation time. This is
possible because all aircraft essentially have the same time and know when
every other aircraft starts its transmission. Range rate is determined
from the doppler shift of a 200 ps RF burst. Barometric altitude is
exchanged between aircraft by pulse position modulation, and a minimum
range alarm is included to overcome the unreliability of the doppler shift
measurement in slow closure rate cases.

For a maneuver alarm to occur, either the7”and altitude alarm
conditions must be met simultaneously, or the minimum range and alti-
tude alarm conditions must be met simultaneously.

Mr. Brennan stated that under present plans, the vehicle for trans-
mitting common time to aircraft would be a network of grounci stations,
all synchronized to a single master time. The current ATA schedule

calls for test and evaluation of hardware to begin approximately
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June of 1969 with implementation hoped for in 1971. Therefore, our most
immediate need for time synchronization techniques is in the CAS area.
However, Mr. Brennan stated, it is obvious the precise time and
frequency techniques can be utilized for other aeronautical functions as
well, and we have a program to investigate these applications.

Mr. Brennan then introduced Mr. Owen E. MclIntire, FAA Project
Engineer, who served as chairman for the remainder of the meeting.
Mr. Mclintire introduced Mr. P. T. LaRochelle of FAA, SRDS, Systems
Analysis Division.

Presentations made by attendees follow.



Relationship of T/F - CAS to Future T/F Systems

By

Philip J. LaRochelle

1. INTRODUCTION

A. The Systems Analysis Division is currently exploring the potential
system improvement in national air space (NAS) performance that could be
provided by recent advances in modern technology.

B. We are concerned with assessing this technology in terms of overall
system performance of capacity, safety and cost - and with the steps required
for the compatible integration of new elements into future NAS designs.

C. We recognize the possibility that our present manual air traffic
control system, although fully automated to operate like the manual system,
may not be capable of adequate performance in the 1980 and beyond timeframe.

D. We are concerned further with developments of new and revolutionary
large system developments of the military that will impact on the common
civil/military requiremnents of future NAS designs.

E. Recent advances in techniques for establishing and maintaining
precisely synchronized time and frequency references have emerged as a
significant contender for meeting the air traffic control requirements of both
civil and military air space users.

F. These techniques are the basis of time ordered system concepts that
consider cooperative airborne and ground equipment that have the capability

for ~stablishing precise time synchronization to a single common timing

source., This common time reference is used as the common reference for
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the exchange of system data between aircraft and between aircraft and ground
stations. Appropriate data processing at either ground or airborne stations
then provides for many integrated system functions from a single basis
system design.

G. Civil air traffic control functions that can be provided include data
acquisition, navigation, communication and landing aids, as well as an inde-
pendent air-to-air CAS function. Many military functions, such as command
and control, weapons delivery, IFF, and tactical air traffic regulation can also
be provided by advanced T/F and integrated systems designs.

. A review of the military activity reveals over two dozen activities
within the three military departments that are involved to varying degrees
with system applications of T/F and in integrated system developments. We
are all aware of the ATA decision and its program to develop a tirne ordered
CAS for airlines use. We recognize industry efforts to further develop
additional T/F system designs that will meet the economic constraints of the
general aviation aircraft owner. Additional design analyses by NASA and the
military include satellite vehicles to provide a possible common communication,
navigation, and ATC functions.

2. T/F SYSTEMS CONCEPT STUDY

A. We thus find ourselves faced with several significant potential

problem areas that require resolution.



First - Assuring compatibility between the FAA/DOD/ATA T/F activity.

Second - Defining common civil/military system requirements, particularly
as they apply to ground stations and frequency assignments.

Third - Development of Design criteria that will permit an orderly expansion
of the imminent ATA CAS implementation to incorporate other NAS/military
functions.

Fourth - Desire to reduce duplication of effort in exploratory Research and
Systems design areas.

B. A first step in solving these problems was taken by the FAA in
initiating a contract study effort to analyze the potential improvements to
civil air traffic management that would be achieved by the broad integrated
systems application of T/F technology to present day NAS functions. Five
specific tasks are included in the effort:

Task 1 - Studies the present state-of-art of precision oscillators,
synchronization techniques, and precise timing performance.

Task 2 - Defines the capability of T/F when applied to the individual
functions, such as Data acquisition, Navigation, Communication, landing aids,
station keeping and CAS.

Task 3 - Assesses the performance that may be achieved when the
many individual functions are integrated into a single system concept. This
Task also compares T/F system performance with that of the present NAS

design.




Task 4 - Provides a cost/effectiveness analysis of T/F techniques as
they may be incorporated into future NAS designs.

Task 5 - Provides for R&D recommendations that are based on areas
requiring further analysis, limitations in T/F technology and current civil/
military program activity.

C. We have had some difficulty with time phasing and adequate documen-
tation under this contract. The anticipated delivery date of a satisfactory
report is now scheduled for about November of this year.

D. Although the study is not complete, preliminary results indicate the
following general conclusions:

(1) Presently, available synchronization methods of achieving system
master time, as referenced to a common single timing reference, are
capable of providing adequate performance for DME, navigation, data
acquisition, landing aid, station keeping, and airborne CAS.

(2) These six functions can be provided in a single avionics package,
thus potentially reducing the number of current avionics equipments.

(3) Timing requirements for T/F NAS ground station appear to be the
same order fo: 'ccuracy as for the ATA CAS ground stations, i.e., about
.1to .5 microscconds.

(4) Although means to establish and maintaia precise Lime references
to secondary ground stations from a single master station were studied, a

final recommendation has not yet been made,



E. For this purpose we plan an in-house analysis of the significant system
contenders currently being considered by the Military, NASA, and FAA. They
include such concepts as being developed under the following programs:

(1) ICIN and navigation and tactical satellite activity of Air Force
(2) CNI, EELS, and ULE activity of Navy

(3) ATARS, STARS, and TOTES activity of Army

(4) TULACS effort by the Marine Corps, and

(5) FAA's T/F System concept development

F. We plan further to define the 1975-1980 system requirements in terms
of system loads, technical problems and requirements, and perform appropri-
ate trade-off and cost effectiveness analyses. We hope in this manner to
develop preliminary design criteria and detailed descriptions of interface
requirements necessary for T/F engineering design or for other advanced
techniques as they become available. In essence we plan to ''confirm or ''deny"’

the use of T/F for future NAS deployment.

EELS = Electromagnetic Electronic Locating System
ULE = Unit Locating Equipment

ATARS = Army Tactical Airspace Regulation System
STARS = Synchronized Time Automated Reporting System
TOTES = Time Ordered Techniques Experimental System
TULACS = Tactical Unit Location and Control System



3. RELATIONSHIP TO FUTURE T/F SYSTEMS

A. In considering the title of this presentation, i.e., ""The Relation-
ship of Time Ordered CAS to Future T/F Systems, ' we find ourselves
somewhat in the position of the cart before the horse. In particular we find
that:

one - A firm decision has been made by the airlines to develop and
procure operational T/F CAS devices by early 1972.

two - These devices require the procurement and deployment of an

unspecified number of ground stations.

three - The ATA-CAS design has a capability for data acquisition,

DME, and flight following, in addition to the CAS function.

four - The ATA Type CAS equipment is economically justified only

for airline use at this time.

five - Sufficient system designs and comparative analyses have not
been accomélished to date either to realistically justify the use of T/F for
civil air traffic control or to specify the characteristics required for NAS

T/F ground stations.

B. It thus appears that we should concentrate at this meeting with

world-wide and ground station timing requirements as they meet the needs

of the singular CAS function.



Review of the Collisior: Avoidance Problem and
Discussion of T/F - CAS Ground Station Factors

by

Owen E, Mclintire

The illustrative pages which follow describe

1. The CAS problem

2. The need for a cooperative T/F CAS

3. The desireability of U.S., National Standards

4, The T/F - CAS technique

5. The synchronization problem, and

6. Accuracy requirements
Since errors were in the original papers, corrections have been made
prior to publication. Much of the data is essential in T/F ground station
development; therefore, other changes will be made, as necessary, to

reflect state-of-the-art changes or other pertinent factors,
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REMARKS ON
WORLD WIDE TIME SYNCHRONIZATION BY VLF
Andrew R, Chi, Code 521

NASA, Goddard Space Flight Center

The technique of using dual VLF transmissions for time synchroniza-
tion of remote station clocks 1s developed jeintly by the Natijonal
Bureau of Standards who controls the WWVL transmitters and Goddard
Space Flight Center where the data is collected and analyzed. Timing
information 1s obtained from the relative phase delay of the two
received signals for a given propagation path, If the propagation
path length is assumed tc be constant, the cycle of a received carrier
can be determined directly from the relative phase delay.

In practice, a specially designed receiver is used for the
determination of the relative phase of the two received signals,
However, two separate VLF phase tracking receivers can be used, 1In
either approach, the receiver delay is removed by the use of a calibrator
which generates a spectrum of the frequencies at 100 Hertz separation
in the VLF band., Furthermore, the calibrator frequencies are synchronized
to the 1 pps of a local clock at the receiving site, A pictorial pre-
sentation of the received signals and the calibrating signals is shown
in Figure 1, The two positive going zero crossings of the two signals
in the top of the figure occur at t,, coincident with a second pulse
of the clock at the transmitter. The two calibrating signals in the
lower part of the figure have theilr positive going zero crossing occurring
at ty, coincident with a received pulse of the clock at the receiver,
Since the relative phase of the two signals repeats at periods of the
beat frequency, e.g. 10 millisecond for the 100 Hertz separation of
the 20.0 and 19.9 kHz transmissions, the ambiguity of time determination
to 10 ms will have to be resolved by other techniques such as by the
use of WWV time signal transmissions, These ambiguity points are
indicated in the figure by tj, t,, and t3 for the transmitted signals

and t,., t., t/ for the calibrating signal,

r> -r?

Phase tracking of a VLF signal is measured by the phase difference
between the calibrating signal and the received signal as indicated by
$) or ¢, in Figure 1, It is to be noted that the received signal is
locked at the positive going zero crossing of a cycle which is a
characteristic or design of a VLF phase tracking receiver, The relative
phase delay of two signals is determined by ¢1 - ¢2.
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A7)

The time difference between the clocks at the transmitter and
the receiver is given by Equations (1) and (2) in Figure 2, It can
also be written in the form of Equations (1), (2), and (4) in Figure 3,
In these equations nij-n, can be either zero or 1 in the first ambiguity
region, 1,e, 10 ms, Since tp and At. in Equation (2) of Figure 2 can
not be independently determined, a portable clock 1is needed to measure
At. at least once in order to calculate the propagation delay. Once
the propagation delay is known, At. can be determined only through the
long-term observation of the behavior of two known clocks,

The experimental results of the received dual VLF signals at
Greenbelt for 1966 and 1967 are shown in Figures 4 and 5. The
systematic change of any one received signal delay is due to the
of f-set frequency of the standards which drive the clocks. One should
observe that the difference in delay of the two received signals
remains relatively constant, indicating the propagation path length
is constant, The scattering of the residuals from the systematic
trend is the propagation anomaly and the variation of the relative
phase control at the transmitter gives an error of one cycle for about
each 2 degrees of arc or tz-ty = 0,251 pys for 20.0 and 19.9 kHz
carriers,

In the time determination by dual VLF techniques, the precision
is limited therefore by the anomaly of the propagation path length,
the accuracy in the determination of the relative phase delay and the
control at the transmitter of the relative phase of the emitted signals.
The variation of the identified cycle throughout a year has been
observed to be about + 2 at 20 kHz or *+ 100 pys. Since it is not
certain that all of these variations are due to propagation anomaly,
especially under the present experimental environment of the
transmitters, it may not be justified to use these variations as the
lower limit although they do represent the present results, For a
glven identified cycle, the time comparisons by predicted time
difference through VLF data and portable clock measurements has been
in the order of 10 us.
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Precise Time and Time Interval (PTTI) Activities and Plans (USAF)
By

Mr. Ernest L. Kirkpatrick

Slide One serves to indicate the extent of interest in precise time and
time interval at NAFS, The main point here is the fact that there are some
ten people busy carrying time to some ten systems or about forty sites.

Slide Two indicates the composition of a redundant clock system for use
at NAFS and other '""Precise Time Reference Stations'' (PTRS), three of which
may be implemented at other Air Force stations this year.

Slide Three shows the three classifications of sites served by NAFS
clock teams.

Slide Four shows the equipment proposed for service tests at some of
the sites listed as Class III (Slide 3) and at some other Air Force precise

measurement equipment laboratories (PMEL).
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Open Discussion of Synchronization by Transportabl: Clocks
Conducted By

Mr. A. C. Schutheis

The Applied Physics Laboratory has conducted some experimentation in
the transfer of time using crystal oscillators. It was shcwn that closure
errors of 0.1 usec, with a 2. 5 MHz crystal oscillator and .3 usec. with a
5.0 MHz crystal oscillator are achievable.

Stabilities of commercially available crystal oscillators such as Sulser
are:

0-10

1 partinl over 24 hours, and

1 part in 10-11

over a 2-hour period
Measurement of a laboratory crystal oscillator against a Cesium Beam
oscillator, shows a stability of:

5 parts in 10-12 for 16 seconds, and

5 pargs in 10-12 for 160 seconds.

The cost of such a standard is approximately $1500. J0, weighs one pound,

measures 3X5X10 inches including heater and oven.
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Use of Loran-C for Timing
By

Paul E. Pakos

Present Capability: Precise timing is presently available to any user

within ground wave range (1000 miles) of any Loran-C station located in the
following Loran-C Chains: U.S. East Coast, Norwegian Sea, Hawaiian, and
Western Pacific. Since each slave of a chain is synchronized to its master to
within + 0.2 microsecond (3 sigma), this establishes the accuracy to which
any number of user clocks can be set to each other, as long as they utilize
Loran-C stations of the same chain. The attainment of such accuracy
presumes that the user either knows precisely the propagation time from

the station to his position, or he has been '"calibrated'" by a single visit

of a portable clock. The user is additionally guaranteed that the transfer

of time from Loran-C is presently held to + 25 microseconds from UTC.
Applying after-the-fact corrections published by the U.S. Naval Observatory
results in at most, a 5 microsecond error with respect to UTC.

Future Capability: A tolerance of + 5 in lieu of + 25 microseconds from

UTC can be applied immediately to the aforementioned Loran-C chains. It
is no technical problem to reduce tolerance to + 1 microsecond or better,
but whether or not this will have an adverse impact on the navigational use
of Loran-C must be resolved, and the control methods to accomplish

this accuraczy must be worked out. The remaining Loran-C chains

3'9



(North Atlantic, Mediterranean, Alaskan, Southeast Asia) could also be
used to disseminate time if the requirement existed and funds were made
available to the Coast Guard.

A recent development in the use of Loran-C skywaves has proven the
ability to detect and utilize such signals at ranges of 8000 kilometers from
the transmitting station. The stability of such signals must be investigated,
but it is our expectation that a stability of three microseconds or better can
be realized if the measurements are made at the same time each day, i.e.,
if propagation conditions are approximately the same. Use of Loran-C sky-
waves results in virtually world-wide coverage.

Operational Use of Loran-C for Timing: The accuracies presently avail-

able, the putential expansion of Loran-C timing coverage, and the low user
cost (less than $10, 000) make Loran-C an attractive candidate as a source
of precise timing information. However, the Coast Guard presently has no

operational requirement to provide such services. As a result, timing is

. subordinated to the navigational use of the system and timing users are

presently not warned when the transmissions are unreliable. A joint
agreement, between those who levy the navigational requirements on the
Coast Guard Loran-C system and those who desire the system to be

declared operational for timing, is essential to resolve these problems.
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TIMING POTENTIAL OF LORAN-C/D
By

Dr. Bernard Wieder

Two factors must be considered when radio waves are to be used in
synchronizing remote clocks. One is the predictability of the time
required for the signals to get from the master clock to a slave clock;
the other is the repeatability of the signal. Since the time of propagation
is usually determined through a phase measurement, we are, in essence,
talking about the predictability and repeatability of the phase of the
signal at the location of the slave clocks. This is exactly the information
required for precise navigation using the Loran-C/D system. In Loran-D,
since the system is designed to be transportable and, therefore, not
readily calibrated, the repeatzpility of position determination (through
phase measurement of Loran-D signals) is paramount ard the predict-
ability is of only secondary importance,

For time synchronization of remotely located clocke, the same
criteria should apply. Once a slave clock is initially calibrated (through
a portable clock comparision), the paramount question is how accurately
can the synchronism be maintained using Loran signals, Loran C/D has
excellent performance in connection with the latter function. Predict-

ability (i.e., absolute calibration) is not nearly so good except under

special circumstances.
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Table I lists the factors that enter both the predictability and repeat-
ability of Loran signals.
TABLE I

1. Equipment (Stability & Reliability)

2, Geometry

3. Interference

4. Propagation Considerations

a) Signal-to-noise ratio

b) Refractivity of the earth's atmosphere and its
lapse rate

c) Earth conductivity and dielectric constant
d) Terrain irregularities
e} Skywaves
Discussion of equipment stability and reliability is beyond the scope
of the presentation. It is a factor that is common to all timing systems,
For absolute time calibration, the delay of the signal through the
equipment must be known; for repeatability, this delay must be main-
tained to close tolerance. Fortunately, this is not a particularly diffi-
cult problem. With good design and proper care, equipment stability can
be maintained to about 0.1 ps.
The geometry of the system plays an important role in the navigation
problem where the accuracy of a position fix can depend on crossing

angles of lines of position. For the timing problem, geometry is not
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too important since a good survey can pinpoint the position of a timing
installation with more than adequate accuracy, and it does not enter at
all into the stability of the timing system,
The phase coding incorporated into the Loran system is designed to
minimize interference. By appropriate decoding of the Loran signals,
both synchronous and nonsynchronous interference can be minimized; and
while the interference can produce instantaneous excursions in the timing
synchronization signals of several tenths of a microsecond if the slave
clock is adjusted on the basis of long-term averages, no serious problem
results, This approach assumes, however, that the oscillator at the
slave timing installation is of sufficiently high quality that only infrequent
adjustments are required to keep it in synchronism with the master clock,
Finally, the actual propagation of the timing signals from master
clock to slave clock enters into the equation. At our present stage of
knowledge the propagation considerations severely limit the predict-
ability of the Loran system, particularly for overland paths if micro-
second or sub-microsecond synchronization is the requirement. On the
other hand, the repeatability, which is required to maintain synchroni-
zation, suffers from adverse propagation effects in only a minor way.
Poor signal to noise ratio produces instantaneous errors in the
synchronization signals. The comments above relating to interference

are appropriate here, If the slave clock contains a high quality oscillator
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so that it is only weakly coupled to the synchronization signals, the

effect of noise in the system can be minimized. The refractivity of the
atmosphere together with the atmospheric lapse rate partially determines
the propagation time of the synchronizing signals. This effect is small
although minor phase changes due to changes in the weather can be
detected in systems capable of sub-microsecond accuracies.

Items c) and d) are the two major factors in limiting the predict-
ability of the propagation time but play no essential role in the stability
of the signal excepting insofar as the electrical parameters of the earth
may vary with season, weather, moisture content, ground cover, etc.
For over-water paths where the conductivity and dielectric constant of
sea water is well established and the surface conforms closely to the
smooth earth approximation that goes into the theory, our ability to
predict propagation time is excellent - 0.1 ps is readily obtainable. Over
land, however, with only limited information available on earth conductiv-
ities, and where terrain irregularities can produce serious phase
perturbations, predictability suffers. Measurements made during the
late 1950's indicate that differences of as much as + 2,5 ps can exists
between predicted and measured propagation times, We are currently

involved in a program that will, hopefully, give improved predictions.

54



Finally, skywave contamination of the ground wave signals can
produce phase errors. This can occur in two ways:

1) Sampling too high on the Loran pulses so that
skywave component is present, and

2) Skywaves from preceding pulses overlapping on
succeeding ground wave pulses,

The former is handled routinely and seems to give no difficulty in
a reasonably good signal-to-noise environment., The latter can be
considered as a special type of interference and the Loran coding
scheme is specifically designed to minimize the errors due to this effect.
In the presence of other types of interference, however, some compro-
mise decoding format may be required. Further, for proper skywave
suppression, there must not be any systematic changes in the skywave
sigrials as might occur, for example, during sunrise and sunset.

In the amine, most of the propagation effects produce instantaneous
variations that can be as much as 0.2 ps (lo-value). By appropriate
averaging, many of the variations are eliminated. For example, Loran
monitor stations, using 15-minute averages report stabilities of about
0.5 ps (lorvalues)., For timing systems in which the slave clocks have
high stability so that infrequent adjustments are required to maintain
synchronization, the Loran-C system can maintain sub-microsecond
accuracies. However, the initial calibration of the remote clocks
should be accomplished through portable cesium clocks or other precise

clock comparison techniques.
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Navy Time/Frequency Programs
By

Martin Pozesky

(1) Much of the advanced development work underway in the Navy is for
electronic systems in support of the operational needs shown on this
viewgraph - Communication, Navigation, Ident, C/C, ATC/L,
ECM/ECCM, and Detection.

(2) Historically, as one views the various requirements characteristic
of the evolutionary growth of electronic systems, one can see requirements
for more accurate this; increased that, Today, the various systems
being developed for the 1972 - 1978 time period are required to have
improved accuracy, increasec.l range, security and all it connotes,

These systems must serve increasing numbers of uses, make more
efficient use of the RF spectrum, provided increased operational
reliability (not just increased MTBF but decreased MTTR, improved
support, etc.) and finally provide increasing numbers of functions.

As one takes a look at these increased system capabilities/require-
ments, it can be seen that time/frequency techniques offer the potential of
enabling all these increases in operational parameters,

Improved accuracy is inherent. Increased range can be obtained
because you now know when and where to look for the signal; thus narrower

bandwidth, higher sensitivity receivers can be utilized.
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(3)

Security through the use if time/frequency diversity techniques is
well known, One-way transmission allows you to serve more users and
(together with accurate frequency control) provide s more efficient use of
the spectrum.

Using closely controlled time sharing, one-way transmission for
range, doppler frequency measurements, etc., can provide multiple
system functions.

This next chart illustrates the extent of the Navy's involvement in
the systems,

As we all know the Navy is the DOD executive agent to provide time
and frequency service to all DOD agencies (Naval Observatory). However,
in addition to this function the Navy has in operation two (2) Navigation
Systems based upon accurate control of time/frequency. Two other
systemns are presently being implemented. A total of twelve systems
based on T/F are presently being developed; and at the time of prepara-
tion of this chart, I know of two additional systems being proposed.

Recently, and fortunately, the Navy fell back, regrouped, and took
stock of its rapidly increasing involvement in T/F techniques. As of
about one year ago, the path being taken for all of these systems and
developments was to procure its own frequency standard and provide

synchronization inherent to each system.
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It became obvioue that one day some airplane would wind up with
three or four frequency standards, each peculiar to a particular system,
and each system was going to have its own peculiar synchronization
techniques. A lot of tax dollars would be wasted.

Faced with this dilemma, the Navy decided to develop a single
frequency standard applicable to all envisioned systems and a synch-
ronization network independent of any single system. Thus, as various
systems are developed, they would be subscribere to this T/F network.

Toward this end, the Navy established the TACTAFS (Tactical Time
and Frequency Service) Program. TACTAFS is chartered with the
responsibility to:

(1) Develop standard (IXIO'n)for use in aircraft, ships, and on
shore.

(2) Develop and implement the required frequency/time distribu-
tion system to make this information available to various users on ship
or shore.

(3) Provide required synchronization system.

Because of the context of the conference today, I will address myself
primarily to the problems of synchronization.

The synchronization problems may be divided into three general
areas. The first - tactical - are for missions in a limited geographic

area (such as Viet Nam) where requirements for tactical and air traffic
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control synchronization can be provided on a mission by mission busis to
a relatively small number of users.

The second, which I have called continental, addresses problems of
synchronization over extremely large land masses (such as CONUS).
Here, requirements are mainly for ATC purposes although tactical users
are certainly possible, Synchronization requirements in this region are
of a continuous, year-around nature.

The last, and most encompassing, is the continuous world-wide
synchronization problem. To attack this total scope, it would be nice if
we could start with world-wide synchronization and work inward. However,
as is most ofien the case, we must go the other way.

This viewgraph shows in pictorial form what we now envision as the
very basic synchronization philosophy.

Within the tactical or area environment, one ship will be designated
at primary standa.d within a task force. Synchronization to other ships
will be accomplished only on flight deck prior to launch. Once the air-
craft leaves the carrier, no ship to air synchronization will take place.
The inherent stability of the clock will be such as to be within the required
using system tolerances over a four-hour mission time. However, if
required for some subscribing system, capability will be provided for
A/A synchronization via two-way data link.

Continental synchrenization will be accomplished by use of an

extensive network of ground update stations. These stations will be
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calibrated by jurisdictional shipyards or NAS, ecither by calibration teams
or data link relay. The ship standard will be calibrated by area centers
traceable to the Naval Observatory.

At the present time extensive use of time hierarchy techniques in
this environment is not envisioned.

Finally, in the world-wide mode, system synchronization is presently
envisioned by utilizing the Navy's Omega navigation system or through the
use of satellites, either of which are directly traceable to the Naval
Observatory. Whether or not that dotted line connecting the aircraft
with the satellites or Omega becomes a solid, firm line will be a function
of the operational feasibility/desirability of these systems for airborne
vehicles.

In summary, the TACTAFS Program is divided into two phases. The
first phase, labeled short term (although a misnomer), will attack the
problem of tactical and continental synchronization. Initially, the oscil-
lators envisioned for this time period will be cesium as the basic
standard with very selective use of crystal clocks.

Distribution will be via what is called ''disciplined crystal oscillators"
at the termination end of coax cables. Synchronization will address the
problem of DEUL/flight line synchronization/with the addition of synch-
ronization capability to existing and planned data links.

The long-term program will address the further problem of develop-

ment of cesium and rubidium clocks for tactical usage. The distribution
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system is envisioned to be similar to that under the shorter term program.
Synchronization will utilize those systems/equipment/techniques
developed in the short term phase with the significant addition of world-
wide synchronization via Omega or satellites.

Gentlemen, that concludes my presentation. I apologize for the
lack of technical detail or detailed system parameters and tolerances.
However, all of these numbers and details are classified and, thus,
cannot be presented at this conference.

I thank you for your attention.
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